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Abstract – This Opinion paper was written to initiate a discussion on the nomenclature used in metabolomic studies. The paper is 
based on the belief that the currently used classification of metabolites as "primary" and "secondary" are inaccurate and somewhat 
misleading. Of the alternative names previously suggested in the literature we strongly support the use of the names "general" and 
"specific metabolites" as replacements of "primary" and "secondary", respectively.  
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————————————————————————————————————————————————
Many errors, of a truth, consist merely in the application of the 
wrong names to things (Spinoza, 2001; original book in Latin 
published in 1677) 
 
There is little that is 'secondary' about secondary metabolism 
(Bennett and Bentley, 1989). 
 
Introduction 
 
Living organisms produce a vast number of small, 
chemically highly diverse molecules (metabolites), many 
of which show a wide range of biological activities. 
Plants are especially rich in secondary metabolites: 
estimates for their number range between 200,000 and 
1,000,000 (Chae et al., 2014). Some of these metabo-
lites, e.g., adenosine triphosphate, coenzyme A, ascorbic 
acid, etc., can be found in every living plant cell. The 
majority of metabolites, however, appear in a peculiar 
manner: usually as components of highly complex 
mixtures, that are confined to certain taxa, and the 
production of which is highly development-, stress- 
(Komives and Casida, 1983), tissue-, or cell-specific. 
These latter metabolites have enormous commercial 
value, since they are a seemingly endless source of 
medical products, pesticides (Szekacs and Komives, 
2017), dyes, food additives, fragrances, metal chelators, 
insect repellants, protective agents, and the like. 
Recently, investigations of these metabolites have 
greatly advanced by the introduction of the so-called 
"omics" methods, especially that of metabolomics. 
 
Discussion 
 
What is metabolomics? A typical metabolomic study 
aims at analyzing as many metabolites as possible from a 
single biological sample. The technology already has 
different well-established analytical platforms that 
rapidly develop from semi-quantitative to absolute quan-
titation of the analytes. 
 
The question arises: what nomenclature to use when 
interpreting data of metabolomic investigations? In our 
opinion, the nomenclature widely used today needs to be 
revised. This is the reason why we are writing this paper 
to initiate a discussion on this subject. 
 
Today's metabolite classification was introduced in 1891 
by Albrecht Kossel (Kossel, 1891) (later winner of the 
Nobel Prize in Medicine) who used the term “secondary” 
to separate less important metabolites from “essential” 
ones (those he named “primary”). In this way, the terms 
primary metabolism and secondary metabolism were 
also created.  
 
The accuracy and well-foundedness of Kossel's 
classification (at least, for those he suggested as 
"secondary" metabolites) has been questioned on several 
grounds (Bennett and Bentley, 1989; Frank, 1998; Firn 
and Jones, 2009), and a number of alternative names 
were suggested (Table 1; the list is not meant to be 
comprehensive). 
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For us, from the above list the terms "specific" and 
"general" as opposed to "secondary" and "primary" 
metabolites seems to be the best, by far. "General" is 
accurate in the sense, that these metabolites can gene-
rally be found in all living cells of an organism. 
"Specific" is correct, because these metabolites are found 
in a way that is indeed specific in several aspects, such 
as taxa, cell, tissue, organ, developmental stage, presence 
or absence of nutrients and stress, etc. Further, detailed, 
scientifically well-founded support for this nomenclature 
can be read in two excellent papers: 1) in which it was 
first suggested (Bennett and Bentley, 1989), and 2) 
where the idea was first reviewed and a clear and precise 
definition for specific metabolites was given (Frank, 
1998). 
 
Conclusions 
 
In the near future the technology of metabolomics will 
certainly lead to a number of new discoveries related to 
yet unknown metabolites. Regulatory routes of their 
synthesis will be characterized, new biological functions 
(and evolutionary benefits) and new human uses will be 
found, etc. Since the correctness of the nomenclature 
used in this rapidly expanding field is essential, we invite 
teachers, researchers, and scientists to express their 
opinion on this subject. General biology, evolutionary 
biology, functional biology, and metabolomics as a 
branch of science may all benefit from this discussion. 
 
Open access statement 
 
This article has been published under a Creative Com-
mons Attribution 4.0 international license that provides 
immediate open access to its content on the principle that 
making research freely available to the public supports a 
greater global exchange of knowledge. 
 
Public interest statement 
 
This Opinion paper is written to invite scientists for a 
discussion on the nomenclature to be used to describe 
and evaluate findings of metabolomic studies. We 
support the use of "specific metabolite" instead of the 
currently used "secondary metabolite" and also "general 
metabolite" instead of "primary metabolite". 
 
Acknowledgement 
 
I sincerely thank Professor Zoltan Kiraly of the Plant 
Protection Institute of Agricultural Research Centre of 
the Hungarian Academy of Sciences for helpful dis-
cussions and his valuable suggestions. 
 
References 
 
Bennett, J.W., Bentley, R., 1989. What’s in a Name? 
Microbial Secondary Metabolism, in: Advances in 
Applied Microbiology. Elsevier, pp. 1–28. 
http://dx.doi.org/10.1016/S0065-2164(08)70316-2 
Chae, L., Kim, T., Nilo-Poyanco, R., Rhee, S.Y., 2014. 
Genomic signatures of specialized metabolism in 
plants. Science 344, 510–513. 
http://dx.doi.org/10.1126/science.1252076 
Firn, R.D., Jones, C.G., 2009. A Darwinian view of 
metabolism: molecular properties determine fitness. 
J. Exp. Bot. 60, 719–726.  
http://dx.doi.org/10.1093/jxb/erp002 
Foster, J.W., 1949. Chemical Activities of Fungi. Acade-
mic Press, New York. 
Frank, J.M., 1998. Special metabolites in relation to 
conditions of growth, in: Frisvad, J., Arora, D., 
Bridge, P. (Eds.), Chemical Fungal Taxonomy. 
Marcel Dekker, pp. 321–344. 
Gaden, E.L., 1959. Fermentation process kinetics. J. 
Biochem. Microbiol. Technol. Eng. 1, 413–429. 
http://dx.doi.org/10.1002/jbmte.390010407 
Haard, N.F., 1983. Stress Metabolites, in: Lieberman, M. 
(Ed.), Post-Harvest Physiology and Crop Preser-
vation. Springer US, Boston, MA, pp. 299–314.  
http://dx.doi.org/10.1007/978-1-4757-0094-7_13 
Harborne, J.B., 1973. Phytochemical methods: a guide to 
modern techniques of plant analysis. London, Chap-
man & Hall 
Hartmann, T., 2007. From waste products to ecochemi-
cals: Fifty years research of plant secondary metabo-
lism. Phytochemistry 68, 2831–2846. 
http://dx.doi.org/10.1016/j.phytochem.2007.09.017 
1. Table. Alternative names suggested for Kossel's "secondary" metabolites. 
Name Reference 
"Shunt" metabolites (i.e., waste products) (Foster, 1949) 
Metabolite classes I, II and III (Gaden, 1959) 
Natural products (Zhang and Demain, 2005) 
Idiolites (Walker, 1974) 
Stress metabolites (Haard, 1983) 
Phytochemicals (plant chemicals) (Harborne, 1973) 
Specific metabolites (Bennett and Bentley, 1989; Frank, 1998) 
Ecochemicals (Hartmann, 2007) 
Specialized metabolites (Chae et al., 2014) 
 
 
 
3 
 
 
Komives, T., Casida, J.E., 1983. Acifluorfen increases 
the leaf content of phytoalexins and stress meta-
bolites in several crops. J. Agric. Food Chem. 31, 
751–755.  
http://dx.doi.org/10.1021/jf00118a018 
Kossel, A., 1891. Uber die chemische Zusammensetzung 
der Zelle. Bois-Reymond’s Arch. Arch Anat Physiol 
Physiol Abt 8, 181–186. 
Spinoza, B. de, 2001. Ethics (translated by W.H. White 
and A.K. Stirling). Wordsworth Editions. 
Szekacs, A., Komives., T., 2017. Research directions in 
plant protection chemistry. Ecocycles 3 (2): 4-12. 
http://dx.doi.org/10.19040/ecocycles.v3i2.71 
Walker, J.B., 1974. Biosynthesis of the monoguanidina-
ted inositol moiety of bluensomycin, a possible evo-
lutionary precursor of streptomycin. J. Biol. Chem. 
249, 2397–2404. 
Zhang, L., Demain, A.L. (Eds.), 2005. Natural Products. 
Humana Press, Totowa, NJ.  
http://dx.doi.org/10.1007/978-1-59259-976-9 
 
